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*$$ "5 $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
.(% 0 *$$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
*$$ !%  ."!+ ) % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
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   	 #
!%* %$+$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
!"$ 0 *$$ 77!%%* %% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G
*$$ !%* (B! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G
(% C . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H
.% ) %)%  **"  *$$ (% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
."!". ) 0 *$$ $$E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
+,, (% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
 +) %  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
$ 	$$	 %&
!,)$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@
%$+$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@
((! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA
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A1A ! ( 0 (!$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A6
A1< %$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG
A1<1A K-B "B% $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG
A1<1< <-B "B% $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI
A1= ."!". ) (!)$!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI
A1K B * 7$ "$$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ
A1K1A $ % "$$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ
A1K1<  $ %5" 7$ )! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ
A16 7-%(" *%+%$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <@
A161A  ! D-!" )! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <@
A161< ,!$ (!"+! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <=
*  		  *#
<1A 
%!($ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
<1< ! $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <G
<1= 
*!7 7 $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <G
<1K $$ 7 '(!) $% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <I
<1K1A '(!) $ <-
 ,"% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <I
<1K1< =-








K1A '(!) $ (!$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6
K1A1A *$$ $+   1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6
K1A1< %$ %() 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6
K1A1= !$ $%$  "$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6
K1A1K '(%+! $)  " ")7 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =G
K1< ."!". )  "$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =H
K1<1A ! $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =H
K1<1< 
*!7 7 $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 KA
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61A !$!%$% 0 $ ($% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1A *!(( 7 !%E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1<  F+  0 FB *$.  )($% %D 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1= )($% $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1K L%+%$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 KH
61< $$ 7 !$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6@
61<1A +$ )$" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6@
61<1< , !$!%$% 0 *!7" !$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6A
61<1= )(!% ,$B $ )$!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6A
61= !,,$. " %$. "%$!,+$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6H
61=1A %% 0 $  .%% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6H
61=1<  !$!%$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6I
61=1=  F+  7 FB (!)$!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6J
61K L"$ 0 $  !7$ )" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GI
61K1A +%$  !7. *!%+% "0!)$  !7. 1 1 1 1 1 1 1 1 1 1 1 1 GI
61K1< !"+$ !$ 0 *$.  !7% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GI
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I1A %+!) $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1A '(!) $ (!$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1< L!$' (% "$$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1= )7 /+%$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I<
I1< )7 (!%% 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I=
I1<1A +) %  !$!D$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I=
I1<1< +(!(%$ 0 *%+%$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IK
I1<1= ,  .%% 0 +) %  ($$! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1= !) !. %$+". 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1A 
!* 7 (!%%+! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1< L!$' (% $) M$$! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1= 
$$ 0 +) %  ,+!%$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II
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I1=1K 8$ 0 !7 7%  M$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J=
I1K +) %  0 $ *$$ *!$' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J6
I1K1A ."!". )  "$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J6
I1K1< +!!  0 +) %   *$$ *!$' ". )% 1 1 1 J6
I1K1= (% $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JI
I1K1K 	 (!"$,$. 0 $ %$$!" 7$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JJ
I1K16  F+  0 "%%*" 7%  B$! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@A
I1K1G  F+  0 ."!". ) (!)$!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@=
/ "1 2	  		  	$ %%%
J1A %+!) $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA
J1A1A ."!". )  "$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA
J1A1< 7-%(" *%+%$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA
J1< ($  %"!$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA<
J1<1A "B7!(. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA<
J1<1< 0!$  "'  )(!%%" B$! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA=
J1<1= "B 0 %E B*% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA=
J1= )7 (!%% 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA6
J1=1A L(+! *$.  $+! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA6
J1=1< N* ($$! )$ 7 )$" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAH
J1K ) %$!. 0 $ *$$ *!$' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAI
J16  ) 7 %$+". 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<<
J161A E B*% )%% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<<
J161< L!$' *$% !$!%$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<H
J1G (% $)  " ,+ "!. *$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G
J1G1A E B* *$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G
J1G1< !"+$ 0 $ %E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G
J1G1=  )+) *+) 0 $ *$$ *!$' 1 1 1 1 1 1 1 1 1 1 1 1 A=G
J1G1K L!$' ,+ "!. *$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=H
J1G16 )($ C . 0 $ *$$ *!$' 7 !$! 1 1 1 1 1 1 1 A=I
%& "	 	$  1 2	 	  %+!
A@1A %+!) $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=
A@1A1A ."!". )  "$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=
A@1A1< )7 /+%$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=
A@1< . ! +% %E B*  " +) %  )%% 1 1 1 1 1 1 1 1 1 1 1 AKK
A@1= *!(!%%+! %$)$ % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK6
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AA1A +) %  0 *$$ *!$' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A6A
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A  !$ ) %) 0 $! % $ *!$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K
< !,)$  " ((! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA
A1A K-B "B% $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG
A1<  *$$ L!$'  !$! 9L: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AH
A1= <-B "B% $%$ %$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI
A1K ) "7!) 0!) $  $ %5" )! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ
A16 (% 0  ,+,, !$" ,.  $! "%!7  B$! 1 1 1 1 1 1 <@
A1G  ! D-!" *" %"B7!(. %.%$) 1 1 1 1 1 1 1 1 1 1 1 1 1 <A
A1H $!  "%7 0 $ ! D-!" *" %.%$) 1 1 1 1 1 1 1 1 1 1 <A
A1I ) "7!) 0!) $ ! D-!" *" %.%$) 1 1 1 1 1 1 1 1 1 1 <<
A1J !7$ +%" $ %* $ )7 % 7 0$!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <K
A1A@ 0!  %/+  ,0! $ 7 ) $ (!"+! 1 1 1 1 1 1 1 1 1 1 1 <K
A1AA 0!  %/+  0$! $ 7 ) $ (!"+! 1 1 1 1 1 1 1 1 1 1 1 1 <K
<1A  7-%(" *$$ $+   1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
<1< ! $%$ %$ 0 $ *$$ $+   1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <H
<1= 
*!7 7 $%$ %$ 0 $ *$$ $+   1 1 1 1 1 1 1 1 1 1 1 1 1 1 <H
<1K '(!) $ <-
 ,"%  G6@A< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <J
<16 <-
 ,"  G6@A< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <J
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{Cref, lc, σ} {Wave amplitude}







              Part II
Pitting tests on 2-D blades
               Part III
Cavitation vortex collapse
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      transducer
  diameter 5.5 mm
Inlet flow 
D   = 8 mm
 Outlet flow
diameter 24 mm 
D  = 80 mm
45 mm
 12.1 x 12.1 mm









27+! A1A> K-B "B% $%$ %$ 
$ $ B  " 7 (!%%+! *%% (. $ ! 0 "+( 7 ),!% $ !"+
$ (!%%+! (+%$ %  $ !+$1
#$%  
	22	 34"#!4(  $( ($* !"
 *%+%$ (!$ 0 $ $%$ %$ % , ($)%"1 +,%$ $ 8!$%
* , )" $ B %)+$ +% *%+%$ % 0!) $B (!( "+! '% $
, (!0!)"1  7, *B 0 $ ,+E FB 0 $  $! $%$ %$ B$ % 7* 
 57+! A1A1   " 0 $ $%$ %$ %  (!%)$ ),! !%+$ 7 0!) $
 $!%$ 0 K B "B% > < !$ 7+! (!%) 7%%%  " < . "! 7%%%1 %
! )+ $"  )$ %*% B ! 5'" $  ) -,E %$!+$+!1  +!$
"%7 0 $ %$!+$+! B% $ *+) $ , %" B$ < (! 0% 0!)" ,.
. "!%  " < 0% B$   7 0 =1H<
Æ
0!)" ,. !$ 7+! (!%)%1  7%%%
! YH $.( B$   $-!F$ 7 $ 7  $ 7%%-!  $!0  !"! $ )$
	
	  	 	






























27+! A1<>  *$$ L!$'  !$! 9L:
2!%  %%%1 +% 7 /+$. *%+%$ % $!+7 < (!( "+! '%  ,
*"1
2 . $%$ %() % (!% $" %  . "!  A< ")$!  " % )+ $"
  %E$ B % %!B" $ $ '$!)$. 0 $ %$!+$+!1  !"! $ )%+!
(!%%+! $! % $% "+! 7 $ (% )$! %)(  , !(" ,.  (!%%+!
$! %"+!1 % %  )


G@A $.( B$  @-<@ ( ! 7   $+! 0!/+ .
0 A=@ $  "  !% $) 0 A 1
	
	  	 	
%0  		  	
	22 4"#!4(  $( ($* !"
 <-B "B% $%$ %$ )(  $% ! "($"  57+! A1=1 L%+%$ %
 7  !D $ '%  , *" B 7 $  %$ 0 %(" 7%%% B %
(" ,$B )$ (!$% 0 $ $%$ %$ 1  !%+$ 7 ,+E FB % $ %)
$ B % "%!,"  $ (!*+% (!7!(1
27+! A1=> <-B "B% $%$ %$ 
#$& '""'( (
 ."!". ) (!)$!% 0 L ! $ FB !$  $ *$$  +),!
"  " $ !$$ %(" 0 $ ** 1 !%%+!% ! )%+!" B$ < (D-!%%$*
(!%%+! $! %"+!%  ,$ $ 7-(!%%+! *%%  " $ B-(!%%+! *%%1 















































 )')+) FB !$ % @1HG  %

0!  +(%$!) (!%%+! 0 @1IK(1  *!$'









	  	 	
8%8+ 2    %/
#$) *  +! "
	232	 ,! !"( #$ $* !"
$ % ! "$$" +% 7  ($)+$(! $+, 9- )  1 -<IJ 2:
B % +(" B$  $!  (E "$$ %.%$) Q 6AK *  (!)(-
5! B$ !% $) 0 A16 1 $ % ! "$$" ,. (+%% 0 6  "+!$ 1  %7 
% $ %$!" B$  %%( (


J=@K A@@ ( B$ I ,$% !%+$ 1
	232 " $"(%$# .0, */$+
  $ %5" 7$ *" )! % +%" $ *%+% $ +) %  %+!%1
% )! %  &'!() *+,


)"1 $  %%$% 0  %(! !    $
9: 0! $ 7$ )(5$ %$7 B % +(" B$  *" 
 9!7"
+(" 
*: )7 % %! *  7 /+$. ($1 % )! % , $ "$$
7$ 0 B*  7$% B$  =@@RI<@  , "B"$  " $ )')+) /+ $+)
C . % <@O $ K@@ 1  $! %+$$!  , "!* ,.   %7   "





tD  : time delay (0 - 8s, with minimum 50 ns step
        and minimum 30 ns propagation delay)
tb   : blanking period approx. 1.5 ms
ts   : shutter time (50 ns resolution)
teff : effective time exposure
tf   : field time 20 ms






Fsynch     :  TTL output, synchronous to internal 
                    video camera synchro 
+ Trig        :  Input for pos. edge trigger (1V - 25 V)
Int/ExtGtP :  control of shutter, internal mode,
                    negative logic TTL
27+! A1K> ) "7!) 0!) $  $ %5" )! > $! %+$$! Q *" .
	
	  	 	
*&  		  	
 *" %7  % <J@ L  % 0 H6< ('% 90!) % )":1 $  ,  $"
$$ A16  *! <@  ! "*$" $ $ , E 7 (!" 0 *" . 0 $ 
1
+% $ 7$ %  $  $7!$" "+! 7 $% (!"  "  $%$   * 0 $ *"
%. ! D$ %7  +

% $!0! (!0!)" $ *"$ )7 /+%$ 1 
$) "7!) 0 $! %+$$!  " *" . % 7*  57+! A1K1  0!)% !
7!,,"    +% 7  -	


 %% 0!) 7!,,!1
#$, +!-" .
	22	 ,$ +"5*,+#" */$+
"$9	
 !"! $ *%+% $ 7-(!%%+! 7!" $ (!"+" "+! 7 $ *!. %$ )-
) $% 0 *$$ *!$' (%  %"B7!(. $ /+ % +%"1
 (! ( 0 $% %.%$) % %$ *!. % $ $ !7  ! D-!" )!1
+,%$ $ 8!$% * , )" $ !( $ ($% %$* 5) ,.  %$ 0 

)7 % %!%1 % )! $E% "* $7% ,$ 0 $ *!%$$. 0 "7$ )7%
0! (!%% 7  " $ %)($. 0 $ ! D-!" )! 9+$.  	 AJJI:1
% %.%$) % B %  *%+%$ ')( ! (!% $"  57+! A161
27+! A16> (% 0  ,+,, !$" ,.  %(!E  B$!  

0!)% (! % "
!$ "+!$ 7$ %+!% ! (!*"" ,.  %$ 0 %(!E 7 !$!% B *
 ) $) '(%+! 0 =@@ 1 
%!7% !  $!" ,.  $!  $) + $
B (!*"%  "M+%$, %(!E !$ 0 A $ $ A@ (1 % $ )')+) M$$!
% <@@   0%$ ($"" Q 2
 A@@ % +%" $ "$$ '$ +!! % 0
F%%1 (!E% !  %"!" % (+ $+ 7$ %+!%  " ! (" $ $ 0
(  0   7 0  % 0 P AG@@  9,M$ ( :1  ($ ,  B% $ I
%"B7!(% $ , 0!)"  I !)$ ,M$*% 	 P =I@  B ! ("
$ $  M+7$" ( 1 % !! 7) $ B% )7% $ , 0+%"   %$ 0 I
)7 ( % 0  "*"+ 
 *" )!% B$  ($ )7 5$ 0 @1<J1
  )+ $ B% 5  "M+%$) $ 0  )! 0! 0 (  (%$  71
	
	  	 	
8%8# $ 		 *%
8 CCD Image sensors
Spark Synchronization 
δt min = 100 ns 
0 < delay < 1 ms






Digital Card  I/O
Fast photodiode EG&G FND 100
Trig input 0 - 1V
Lens  f=1600






























Remote gain and black 
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Trigger to Cranz-Shardin 
Integration
      period  17 ms
Read out
      period








delay, 0 - 1ms  with 100 ns step
interframe period dt, 0 -1 ms with 100 ns step 
event delay, minimum 200 ms required by CCD modules
Asynchronous reset to frame grabber
Vsynch to frame grabber
Trig INT/RO to CCD
Asynchronous trigger to spark control unit (1 V AC)
Synchronisation of sparks
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with D < 5 mm
with D > 5 mm
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median = 0.22  δ X = 3.43
Y
median = 0.81  δ Y = 1.93
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median = 0.28  δ X = 2.51
Y
median = 0.81  δ Y = 1.15
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              = 0.45
prob(X<0.5mm) =  0.62





































               = 0.27
prob(X<0.5mm)  = 0.79
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         = 0.30
prob(X<0.5mm) = 0.58




































         = 0.24
prob(X<0.5mm) = 0.75



































         = 0.24
prob(X<0.5mm) = 0.85
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n = 1.33 (water 0.1 MPa)















angle of relative incidence α deviation
n = 1.33 
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Sector
Wave Model
Normalized Intercorrelation 2-1 
Polar to Rectangular
      Transform
Displacement R2-R1
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/d  t = 75 m/s 117 m/s 92 m/s 67 m/s
d  R
s
/d  t = 1346 m/s 1481 m/s 1419 m/s
Time [µs] 












Cs = 1422 m/s
t
c
 = 3.24 µs 
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/δ t = 169 m/s 152 m/s 61 m/s 38 m/s 50 m/s 28 m/s
d  R
s
/δ t = 1365 m/s 1375 m/s 1397 m/s 1221 m/s 1698 m/s 1507 m/s
Time [µs] 








Cs = 1417 m/s 
t
c
 = 0.80 µs
0 1 2 3 4 5 6
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/δ t = 77 m/s 100 m/s 126 m/s 8 m/s 38 m/s
d  R
s
/δ t = 1190 m/s 1189 m/s 1494 m/s 1346 m/s 1272 m/s








Cs = 1309 m/s
t
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 = 0.74 µs
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Cs = 1308 m/s
t
c
 = 0.87 µs

















/δ t = 39 m/s 154 m/s 129 m/s 34 m/s  21 m/s 62 m/s
d  R
s
/δ t = 1077 m/s 1197 m/s 1452 m/s 1304 m/s 1498 m/s
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m] Cs = 1296 m/s
t
c
 = 0.67 µs



















/δ t = 1384 m/s 1130 m/s 1456 m/s
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m] Cs = 1309 m/s
t
c
 = 0.74 µs















/δ t = 159 m/s 25 m/s 49 m/s 88 m/s 23 m/s 58 m/s
d  R
s
/δ t = 1333 m/s 1079 m/s 1602 m/s 1239 m/s
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m] Cs = 1326 m/s
t
c
 = 0.83 µs





















/δ t = 1199 m/s 1374 m/s 1463 m/s 1185 m/s
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